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In a series of experiments designed to char-
acterize the irradiated animal throughout its
lifespan, young adult male rats Were exposed
to x-rays or neutrons and compared periodi-
cally with their nonirradiated, littermate con-
trols. The lifespan incidence of tumors (1)
was among the criteria used for comparison.
Unlike tumors of most other sites, detection
of skin tumors did not depend upon post-
mortem observation. Thus, with frequent ex-
aminations, they provided a unique oppor-
tunity for studying the chronology of several
types of neoplasms independent of age at
death.
Examination of the literature indicated that
skin (cutaneous and/or subcutaneous) neo-
plasms have been reported following single
whole-body exposure of adult rats to penetrat-
ing radiations with doses in the sublethal or
lethal range, but that such tumors were ex-
tremely rare in nonirradiated animals. Ko-
letsky and Gustafson (2) found no skin tumors
in 36 nonirradiated male rats. Among 123
animals surviving more than six months af-
ter exposure to 600 R of x-rays (LD 70/30
days), they found 40 animals with fibromas,
9 with fibrosareomas, and S with basal cell
carcinomas. More recently, Reineke, et al.
(3), found 25 cutaneous and a somewhat
greater number of subcutaneous tumors among
512 rats irradiated at various stages of life
with 270 R of x-rays. They found only seven
skin tumors among 118 controls. No attempt
at any detailed analysis of the chronology of
particular skin neoplasms was included in
either of these two reports. Others (4) have
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reported a few cases of skin tumors in rats
exposed to penetrating radiation, usually af-
ter doses high enough to require protective
measures in order to enable animals to survive
beyond the first few weeks postirradiation.
The present study is eoneemed with the dis-
tribution, chronology, and location of skin tu-
mors, other than epithelial cysts, among male
Sprague-Dawley rats irradiated with sublethal
or lethal doses of x-rays or fast neutrons as
young adults. TJie distribution of skin cysts of
epithelial origin among these animals has
been reported previously (5). The colony of
rats used has been free of epidemic pneu-
monitis for some years and the median life-
span for nonirradiated animals is about two
years (6).
METHODS
Male Sprague-Dawley rats, bred in the
USNRDL colony, were distributed into control,
sublethal, or lethal radiation dose groups just prior
to exposure on the basis of body weight and litter
distribution. At 101 days of age, the irradiated
groups were given whole-body doses of 430 or 680
rads of x-rays or of 230 or 320 rads of fast neutrons.
The control animals were sham-exposed under
similar conditions. The 30-day mortality responses
were 46% for 680 rads of x-rays and 15% for 320
rads of neutrons, while none died after the other
doses. The animals were caged individually and
maintained throughout on an ed fib diet of Purina
Lab Chow meal.
The radiation factors for the x-ray experiments
were: 250 kvp, 15 ma; filter 0.5 mm Cu + 1.0 mm
Al (IIVL 1.5 mm Cu), TSD 40 inches, 27 R/min
(air). Neutrons, having a fission-like energy spec-
trum, were produced by 12 Mev proton bombard-
ment of a beryllium target in a cyclotron. The
neutron and gamma-ray characteristics of this
source (7) and the methods of neutron dosimetry
(8) and of exposure (9) for both x-rays and neu-
trons have been published previously.
The numbers of animals examined at monthly
intervals throughout life are shown in Table I.
Operable masses, identified visually or by palpation
during clinical examinations, were removed from
live animals as soon as possible after detection,
usually within one week. The age at detection,
general description, location on the animal, and
pathologic diagnosis according to SNOP (10) were
recorded. Growths of cutaneous or subcutaneous
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origin were classified as skin tumors and, other
than epithelial cysts, are considered here. Tumors
of the vascular, lymphatic, and nervous systems,
even though found in the skin, are not included.
Each histologically verified neoplasm that was
separated from any others by normal tissue was
counted as a separate tumor. No regrowths at sites
of surgically removed tumors were tallied.
RESULTS
For the first analysis, the data will he pre-
sented according to the total number of tumors
found, the number of animals bearing tumors,
and the lifespan percent incidences of ani-
mals bearing one or more tumors. Since there
were no consistent dose-response relationships
apparent within either type of radiation, irra-
diated groups were compared statistically only
with the control group. An incidence value for
an irradiated group was considered significantly
different when it exceeded the binomial 05% con-
fidence limit (11) for the corresponding control
incidence.
From Table II it may be seen that about a
fifth of the control animals developed skin
tumors during their lifespans, but that only a
few had more than one. After irradiation at
least 2½ times as many animals, propor-
tionately, developed skin tumors, and sig-
nificantly more animals developed two or more.
In fact, although not apparent from Table II,
the incidence of animals with more than one
tumor among the irradiated groups was at
least eight times the control value, and 15%
of the irradiated animals developed more than
three tumors.
In the benign epitbelial and in the benign
and the malignant non-epithelial classes of
skin tumors (Table II), irradiation more than
doubled the incidence of animals with any
tumors in at least three of the four irradiated
groups. For these three classes, the only case
in which there was a significant excess of ani-
mals with more tban one tumor was in the
benign epitbelial class for the 320-md group.
71 The most dramatic effects of irradiation oe-
63 curred in the malignant epithelial category of
46 tumors (Table II). The incidence of control
17 animals with tumors of this category was in-
—, creased at least seven-fold in all four ir-
— radiated groups. No control animal had more
— than one malignant epithelial tumor, while
significant excesses of animals with two or
more tumors of this class occurred in all four
irradiated groups. Indeed, although not ap-
parent from Table II, about 5% of the ir-
radiated animals had at least three malignant
epithelial skin tumors.
The principal tumors making up the cate-
gories described above are shown in Table III.
Of the two benign non-cpithclial tumors, the
fibroma was the more common. Significantly
more animals with this tumor occurred in
three of the four irradiated groups, but only
one group had a significant excess of animals
with more than one of these tumors. The less-
common lipoma was seen in all groups, but
was significantly in excess of the control in-
cidence only in the 230-rad neutron group.
The squamous cell papilloma was the principal
benign epithelial tumor in the controls, but
its occurrence was not increased by irradia-
tion. Adnexal adcnomas were less common in
controls, but the incidence of animals with
this tumor was at least tripled in all four ir-
radiated groups. The only malignant non-
epithelial tumor of consequence was the fibro-
sarcoma, and the control incidence of three
percent was exceeded significantly by three of
the four irradiated groups.
There were three malignant epitbelial tu-
mors of importance, and the incidence of ani-
mals with each of them exceeded the con-
trol confidence limits in all four irradiated
groups. Squamous cell carcinomas were found
TABLE I
Number of animals examined monthly throughout
the course of life according to age interval and
radiation treatment. Exposure or sham-exposure
occurred at 101 days of age.
Number uf animals examined
X-rays
430 rads 605 rads
Ageinterval
(days)
132—199
200—299
300—399
400—499
500—599
600—699
700—799
800—899
900—999
Cuntrul
S rads
129
129
126
123
118
104
62
25
1
Nrutrnns
235 rads 320 rads
41
41
37
36
27
12
88
88
86
81
70
43
11
107
107
101
89
64
21
2
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TABLE II
General classification of skin tumors distributed according to dose and type of radiation exposure. T = total
number of tumors, A = number of animals with tumors, and % = per cent of animals with one
or more tumors.
Classification
X-rays Neutrons
Controls
(N=129)
430 rads
(N =05)
600 cads(N=i07) 230 rads(N =41) 320 cads(N=73)
T
26
A
23
%
18
T
86
A
48
%
55*t
T
100
A
57
%
53*t
T
43
A
21
%
51
T
115
A
44
%
60*t
Any Tumors
Benign
Non-epithelial
7 5
4
20 15
17* 16
13
12*
7 5
12*
11 9
12*
Benign
Epithelial
9 9
7
8 7
8
21 17
16*
7 7
17*
18 11
15*t
Malignant
Non-epithelial
4 4
3
14 14
16*
7 7
7
7 6
15*
10 8
11*
Malignant
Epithelial
6 6
5
44 31
35*.j.
56 39
35*j.
22 15
37*j.
76 34
47*.j.
in from three to ten times, proportionately,
as many irradiated as control animals, and
a significant excess of animals receiving 320
rads of neutrons developed more than one of
these tumors. No basal cell carcinomas were
found among the controls, while incidences
for irradiated groups ranged from five to fif-
teen percent. The most common skin tumor
among irradiated animals was the adnexal
carcinoma. The incidence of animals with this
tumor was increased at least seven-fold by
irradiation, and significantly more animals had
two or more tumors in all irradiated groups.
Although not apparent from Table III, at least
o quarter of the animals in each irradiated group
having this tumor had two or more of them, and
one animal (320-md group) had seven.
In addition to the principal tumors de-
scribed above, four other tumors were found
in very low incidence. These included an
epithelioma of Malherbe, a myxoma, three
myxosarcomas, and three carcinomas that could
not be specified further.
In the analysis of ages at which skin tumors
occur, it should be noted that the doses of
radiation used in this study are capable of re-
ducing lifespan. The control median lifespan
of about two years was reduced by 15 and 23%
after exposure to 430 or 680 rads of x-rays,
and by 20 and 24% after irradiation with 230
or 320 rads of neutrons, respectively. In all
four cases, the reductions in median lifespan
were significant (p < 0.05, median test). Thus,
the ages at appearance of skin tumors are
presented from two aspects. In the case of the
median age for detection of the tumor, an
animal may contribute more than once to the
tabulation since it may develop more than
one tumor. For age-specific incidence compu-
tations, an animal is included in the count
for a particular class of tumor from the age
at first observation of the tumor until death.
Animals can contribute to this parameter
only once in each age interval.
Figure 1 illustrates the age-specific in-
cidences of animals with one or more skin
tumors together with a tabulation of the
median ages at initial appearance for skin
* Incidence of animals with tumors in excess of 95% binomial confidence limit for control value.
Incidence of animals with two or more tumors in excess of 95% binomial confidence limit for control
value.
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TABLE III
Distribution of principal types of skin tumorsaccording to dose and type of radiation. T = total number
of tumors, A = number of animals with tumors, and % = per cent animals with specific tumors.
Tumo T e
X-Rays Neutrons
Controls(N = 129)
T A %
6 5
4
1 1
1
430 rads
(N 88)
T A %
16 11
12f
3 3
3
680 rads(N = 107)
T A %
15 13
12*
1 1
1
230 rads(N = 41)
T A %
5 4
10*
2 2
5*
320 rads(N = 73)
T A %
8 6
8
3 3
4
Fibroma
Lipoma
Squamous cell
Papilloma
Adnexal
Adenoma
7
2
7
2
5
2
1
7
1
6
1
7*
5
15
5
12
5
11*
3
4
3
4
7
10*
9
9
5
6
71
8*f
Fibrosarcoma 4 4
3
13 13
15*
6 6
6
6 5
12*
10 8
11*
Squamous cell
Carcinoma
Basal cell
Carcinoma
Adnexal
carcinoma
2
4
2
0
4
2
0
3
5
6
32
5
6
24
6*
7*
27*1
11
6
37
10
5
28
9*
5*
26*1
5
6
11
5
6
9
12*
15*
22*1
20
13
43
15
10
20
21*1
14*
27*1
* Incidence of animals with tumors in excess of 95% binomial confidence limit for control value.
t Incidence of animals with two or more tumors in excess of 95% binomial confidence limit for control
value.
tumors. The median age at initial appearance
of skin tumors was significantly reduced by
irradiation, about to the same extent as life-
span was reduced. Time-specific incidence in
the control group increased steadily with age,
beginning at about one year, and reached a
value of about 30% during the age interval
from 800 to 900 days. Corresponding rates for
irradiated groups began to increase earlier,
exceeded the control confidence limits by about
one year of age, and continued to increase
rapidly, ultimately reaching values in excess
of 90%.
As seen from Figure 2A, the age-specific
incidence of control animals with benign
epithelial skin tumors increased gradually,
reaching a value of 11%. Incidences for three
of the four irradiated groups increased more
rapidly with age than for controls, but in the
430-rad x-ray group the rate increased to a
value higher than the control confidence limit
only for animals living more than 700 days. In
all four irradiated groups, terminal values were
above 25%.
In the case of benign non-epithelial tu-
mors (Fig. 2B), the control incidence did not
begin to rise until after 600 days of age, and
the final rate was less than 10%. In three of the
irradiated groups, the age-specific incidence
exceeded the control confidence limit between
400 and 500 days of age, and increased sharply
throughout the remainder of life, reaching
values ranging from 24 to 34%. In the 430-rad
x-ray group, the incidence did not exceed the
control confidence limit until after 500 days of
age, but a value above 60% was ultimately
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attained. Median age at appearance of both
categories of benign tumors was significantly
reduced in three of the four irradiated groups.
In contrast, median age at initial appear-
ance of the two malignant categories of skin
tumors was not significantly reduced by irra-
diation. Age-specific incidence of control ani-
mals with malignant epithelial tumors (Fig.
2C) increased very slowly throughout life, al-
though there was an indication that it may
have levelled off at about 5% after about two
years of age. In all four irradiated groups the
incidence of this category of tumor increased
rapidly throughout life, exceeding control con-
fidence limits after about one year of age, and
reaching values ranging from 54 to 76% at the
end of life.
The pattern of age-specific incidence of con-
trols with malignant non-epithelial tumors (Fig.
2D) was not clear. It appeared to be more or
less stable beginning at about 400 days of age,
and remained below 5% throughout life. In the
two sublethally irradiated groups the incidence
of this category of tumor increased steadily, with
rates in excess of control confidence limits after
300 days of age, and terminal rates of about
35%. In the two groups exposed to doses in the
lethal range, the incidence of animals with ma-
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Fie. 1. Age-specific incidence of animals with one or more skin tumors. Incidence (per
cent animals/100 day interval) = bOA/N, where A is the number of rats with one or more
skin tumors during the interval, and N is the number of animals examined during the
interval. N ' 11 for each point. Irradiation at 101 days of age. 05% confidence limits for
controls are indicated. Asterisk indicates significant change in median age at first observa-
tion of tumors.
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FIG. 2. Age-specific incidence of animals with one or more skin tumors of four classi-
fications. Incidence (per cent animals/100 day interval) = bOA/N, where A is the number
of rats with one or more skin tumors during the interval, and N is the number of animals
examined during the interval. N 11 for each point. Irradiation at 101 days of age. 95%
binomial confidence limits for controls are indicated. Asterisk indicates significant change
in median age at first observation of tumors.
lignant non-epithclial tumors increased more
gradually. Although rates in excess of control
confidence limits were found in both groups,
the terminal ineidenees were only about 10%.
For describing the locations of the skin tu-
mors, the surface of the body was divided
into six areas, as shown in Table IV. It was
estimated that the two lateral areas of the
trunk, which included the four limbs, were
approximately equal in total surface area to
the dorsal and to the ventral regions of the
trunk. Even though the total number of tu-
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TABLE IV
Location of skin tumors according to general classification among the control and the combined irradiated
groups. T = nnmber of tumors, %T = percent tumors, and %M = per cent tumors that were malignant
for each location.
Locat on
Control Combined Irradiated
Epitbelial Non-Epitbelial Epitbelial Non-Epitbelial
T %T %M T
0
0
4
2
5
0
%T
—
—
37
18
45
—
%M
—
—
75
0
20
—
T
36
14
62
103
27
10
%T
14
6
25
41
11
4
%M
78
100
74
79
93
40
T
2
5
40
23
20
2
%T
3
5
43
25
22
2
%M
50
80
35
13
70
100
Head
Neck
Lateral trunk*
Dorsal trunk
Ventral trunk
Tail
8
0
2
0
5
0
54
—
13
—
33
—
12
—
0
—
100
—
* Includes all four limbs.
mors found in the controls was relatively
small, some interesting differences in tumor
distribution were discernible. In the controls,
about half of the epithelial tumors were on
the head, and the remainder were on the
lateral (both benign) or ventral (all five
malignant) aspects of the trunk. All of the
non-epithelial tumors in the controls were
situated on the trunk.
No consistent differences among the irradi-
ated groups were apparent, and they were com-
bined for presentation (Table IV). Both epi-
thelial and non-epithelial tumors were found
in the neck and tail areas in the irradiated
animals, as opposed to none in these areas in
the controls. Only two tumors of the pinna
(one squamous cell papilloma and one basal
cell carcinoma) were found among the 344 tu-
mors in the irradiated animals, while there
were five (all papillomas) among the fifteen
tumors in the controls. There was a large con-
centration of epithelial tumurs on the dorsum
of the trunk in the irradiated animals, while
there was none in this area in the controls.
The non-epithelial tumors in the irradiated
animals were found in all six areas, while in
the controls they were found only on the
trunk.
Among the irradiated animals, tumors on
the neck and on the ventral aspect of the trunk
tended to have very high rates of malig-
naney. In the trunk areas, epithelial tumors
were most common on the dorsum, while non-
epithelial tumors were most common on the
lateral aspects. The non-epithelial tumors of
the dorsum had an exceptionally low rate of
malignancy.
Thus, radiation induced tumors in areas of
the skin which were free of tumors in the
nonirradiated animals, but also reduced the
occurrence of tumors of the pinna. Differences
in distribution and malignancy of epithelial
and non-epithelial tumors among various re-
gions of the skin may well have been related
to variation from region to region in the
anatomical composition of the skin and its
appendages.
DISCUSSION
The generally accepted concept of ehrono-
logic advancement of neoplastic processes by
irradiation requires a comparison with con-
trols at an older age for adequate evaluation. In
addition, comparisons between studies must
take into account not only the usual genetic
and maintenance differences, but also matters
of specific experimental procedures and data
analysis. For example, in a study involving
over 13,000 male rats of several strains,
Curtis, Bullock, and Dunning (12) reported
that only about one percent had tumors. How-
ever, their procedures involved a sacrifice
schedule such that the median age at death
for their animals was less than 400 days. In-
deed, on an age-specific basis, incidences of
their animals with tumors were as high as
15% per month for the whole group, and even
higher among particular strains.
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lATe could find no quantitative data in the
literature concerned with the chronology and/
or location of skin tumors in the rat. There
are, however, two reports in which apprecia-
ble numbers of skin tumors (on an over-all
basis) were found in male rats exposed to a
single dose of penetrating radiation. Koletsky
and Gustafson (2) found no skin tumors
among their 36 control male Wistar rats, but
they sacrificed the remaining 21 of the con-
trols when the last irradiated rat succumbed
(at about 26 months of age). In the present
study, if the surviving controls had been
sacrificed at a comparable time (59% sur-
vival, or 23 months of age), 11 of the 26 skin
tumors in this group would not yet have been
recorded. Two squamous cell papillomas, one
adnexal adenoma, five fibromas, one squamous
cell carcinoma, one adnexal carcinoma, and one
fibrosarcoma had not yet been found. Thus,
marked differences between the tumor pat-
terns in nonirradiated controls of the two
studies were already apparent at the time
when 41% of the controls had died. In addi-
tion, there were marked differences in the tu-
mor patterns of the irradiated animals of the
two studies. The principal skin tumor re-
ported by Koletsky and Gustafson for their
irradiated group (600 H) was the fibroma,
which they found in about a third of their
animals, with an average of about 3 per ani-
mal. In the present study, only about a tenth
of the irradiated animals had fibromas and
these had an average of about 1.3 each. Their
animals showed ineidenees of fibrosareomas
(7%) and basal cell carcinomas (6%) rather
like those seen in the x-irradiated groups of
the present study. The largest difference be-
tween the results of Koletsky and Gustafson
and those of the present study is in the almost
complete absence of adnexal carcinomas and
squamous cell carcinomas in their animals,
while the former was the most prominent tu-
mor in the present study, and the latter was
found in at least 6% of all the irradiated
groups. Reineke, et al. (3), recently reported
skin tumors among 512 male and female rats
of the Wistar strain exposed to 270 R at one
of five ages, ranging from the fetal to the
adult stages of life. Although all animals were
allowed to live out their lifespans, the num-
bers of animals bearing skin tumors, the par-
ticular exposure groups, and the distribution
by sex in which they occurred were not in-
dicated in their report. In terms of numbers
of tumors, the most important types among
their irradiated animals were triehoepitheli-
omas (adnexal adenomas) and squamous cell
carcinomas (6 tumors each), basal cell car-
cinomas (8 tumors), fibromas (7 tumors),
hpomas (9 tumors), and sarcomas (18 tu-
mors). They found only 7 skin tumors among
their 118 controls, 3 of them fibromas.
The radiation induction of skin cysts of
epithelial origin and the evidence for regard-
ing these cysts as benign epithelial tumors
was considered in an earlier report (5). Since
these cysts are usually categorized separately
from other skin neoplasms, the data were pre-
sented separately although they were derived
from the present animals. However, the re-
lationship between the epithelial skin tumors
reported here and the epithelial cysts is of
interest. In the control group there were only
three animals with both cysts and other epi-
thelial akin tumors. Among the irradiated
animals there was no consistent sequential re-
lationship between the time of appearance of
cysts and of other tumors, since cysts ap-
peared first in 25 animals, other neoplasms first
in 20, and both were first observed at the
same examination in five. Among irradiated
animals with other epithelial tumors the in-
cidence of animals with cysts was 36%, while
among those without other tumors it was 16%.
This significant difference appears to be con-
sistent with the concept that epithelial cysts
are indeed neoplasms, since they are more
likely to be induced in animals in which
radiation induction of the other epithehal
neoplasms occurs.
While the nature of the dose-dependency of
many acute responses to radiation is firmly
established, the dose-response relationships for
most late or long-term criteria in the rat have
not yet been elucidated. Other investigators
have noted the lack of a simple dose-response
relationship in rats, using lifespan and tumor
incidence as criteria after radiation doses in
the 30-day lethal or near-lethal range (13—15).
There were only three metastatie tumors
found in the present study. A 680-rad animal
had a fibrosareoma at the base of the tail with
metastases in the lung. One 320-rad animal
had a fibrosareoma of the thoracic area with
metastases spread throughout the abdominal
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cavity, and another had a thoracic squamous
cell carcinoma with a metastasis in the lung.
Skin cancer after irradiation has been cited
as an example of a tumor arising from local-
ized mechanisms (14). For non-penetrating
radiations, gross tissue destruction, permanent
epilation, and vascular changes interfering
with stable scar production have been reported
as a sequence leading to the formation of skin
tumors (16). In the present study, none of
these gross changes was seen to precede the
formation of skin tumors although the de-
tailed monthly examinations of every animal
extended from irradiation until death. Thus,
while regeneration or repair processes at the
subcellular level (17) may well be involved,
macroscopic destruction at the tissue level is
not a prerequisite for the formation of skin
tumors after whole-body exposure to pene-
trating radiation.
In summary, exposure of young adult rats to
penetrating radiation results in the induction
of excessive numbers of skin tumors. The ef-
fect is apparent within about eight months of
exposure, and is particularly associated with a
marked increase in the occurrence of malig-
nant tumors of epithelial origin. Skin tumors
develop in both control and irradiated animals
with no evidence of previous tissue destruc-
tion and regeneration. There are differences
between control and irradiated animals with
respect to the predominance of particular
types of tumors and to their location. With
doses of radiation in the high sublethal and
lethal range, consistent relationships between
tumor incidence and dose or type of radiation
may not be apparent.
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